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The financial sector reforms implemented by the Central Bank of Kenya (CBK) resulted in rapid financial innovation (such as the popular M-Pesa mobile money services) growth, and expansion of several interest earning financial instruments. These developments affect the definition and composition of monetary aggregates, posing a question on the correctness of the current money measures used by CBK. The simple sum aggregates were identified with several theoretical and empirical shortcomings. The rapid financial sector development might affect the stability of money demand function. This study constructs Divisia monetary aggregates for Kenya over the period of 2000's first quarter to 2015's third quarter and applies the ARDL method in investigating the stability of money demand function. For the first time, monetary uncertainty and output uncertainty variables are introduced to the Kenyan money demand model. The results reveal that both monetary and output uncertainty has significant influence on money demand in Kenya. This implies that omitting the two variables in the Kenya money demand function might lead to a wrong specification. The money demand function is stable over the period. It means that monetary aggregates targeting is the right framework for monetary policy formulation by the CBK.
INTRODUCTION
In any open economy, it has been established that for a monetary policy to be effective irrespective of the policy framework in use, the money demand has to be stable (Sriram, 2001) . A stable money demand function facilitates a policy induced change in monetary aggregates to exert a foreseeable impact on macroeconomic series such as income, rate of interest, and prices of goods and services. This has prompted countries in both developed and developing stages to investigate the factors influencing the money demand with the sole aim of ensuring its stability.
However, the reason for focusing on the Kenyan money demand function stability derives from the fact that the Kenyan financial sector has witnessed some remarkable financial reforms enshrined in the IMF supported economic liberalization programme adopted in the late 1980s. The policy change from a fixed system to a floating system of
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ascribed to an increase of almost 100% in the formal sector financial services accessibility, raising from a mere 32% in the year 2006 to 67% in 2013 (Ndirangu and Nyamongo, 2014) . This also corresponds to a fall in the number of people patronizing the financial services from the informal sector to just 8% from 33% during the same time frame.
Other policies adopted by the Central Bank of Kenya (CBK) with the sole aim of further enhancing and expanding the financial sector include the amendment of the regulatory and legal frameworks to further open up financial inclusion and the electronic system of payments to form the basis of all transactions of financial services and other settlements.
There was an enactment of the Payment System Act of 2011 and the introduction of new guidelines to provide for transfers using electronic and e-money in 2012. Similarly, CBK issued another set of guidelines for agency banking in 2010 and allowed the licensing of new micro finance outlets. These policies facilitate the expansion of the Kenyan monetary base. The uncertainty presented by financial innovation to the monetary policy atmosphere requires a revisit of the central bank's conventional meaning of money. The importance of this is because if narrow money (M1) growth was to rely on e-money, for example, then it will be an insufficient measure of money supply, thus weakening the conduct of open market operations (Frame and White, 2004) . Therefore, investigating the problem of whether the money demand in Kenya is stable after financial sector reform was adopted in the late 1980s is very vital for monetary policy design. Researchers have advanced an argument that financial sector reforms could disturb the stability of money demand function particularly in an emerging developing economy like Kenya (Kumar, 2011) . This will affect the monetary policy frameworks. Accordingly, the monetary theory and empirical evidence has offered that a clearer understanding of factors influencing money demand function and its stability forms the foundation for the conduct of monetary policy (Sriram, 2001) .
Several studies have shown that financial sector reforms affect the stability of money demand more especially in an emerging economy like Kenya. Such studies include Nell (1999); Wesso (2002) ; Bahmani-Oskooee and Rehman (2005); James (2005) and Narayan (2007) . Nonetheless, it is pertinent to note that financial sector reforms by most developing nations began in the late 1980s with only few starting during the 1990s (Wesso, 2002) . To the best of our knowledge, there is no empirical study that investigated the effects of monetary uncertainty and output uncertainty on money demand for Kenya.
A money demand's stability is tested using the Divisia monetary aggregates. This study employed the Pesaran et al. (2001) approach to cointegration which appears to have more advantages over the other forms of traditional cointegration methods (Bahmani-Oskooee et al., 2013) .
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The money supply measure used by the CBK is the simple sum type where monetary components such as currency and deposits are summed up together in a linear way. Barnett (1980) and subsequent studies have established several weaknesses of the simple sum method at both theoretical and empirical grounds. Barnett (1978; 1980) used economic aggregation together with an index number theory to produce monetary aggregates that were consistent with the Diewert (1976) Therefore, this study attempted to construct Divisia monetary aggregates for Kenya and use it to study the money demand model incorporating two measures of instability; monetary uncertainty and output uncertainty to ascertain the stability of the function. Drawing from the studies of Choi and Oh (2003) and Bahmani-Oskooee et al. (2013) we included the monetary uncertainty and output uncertainty variables in the Kenyan money demand function for the first time in addition to the traditional determinants of money demand. Investigating the effects of monetary uncertainty and output uncertainty on the money demand is vital to a developing nation like Kenya which has been experiencing significant changes in its monetary and output growth resulting from financial and other economic reforms. The remaining part of the paper is structured into different sections. Following the introduction, section two is the literature review, section three is the methodology and data used, and section four discusses the results findings while section five concludes the paper.
LITERATURE REVIEW
Majority of the empirical works on money demand focus on the developed nations. Few studies were done on Kenya. A cursory look at the literature on the demand for money in Kenya show that studies such as; Pathak (1981) ; Darrat (1985) ; Mwega and Killick (1990) ; Adam (1992) ; Fielding (1994); Ndung'u (1994) ; Bahmani-Oskooee and Gelan (2009); Sichei and Kamau (2012) ; Kiptui (2014) all attempted to investigate the money demand for Kenya using different data structures and employing different econometric techniques. Mwega and Killick (1990) studied a group of African countries including Cameroun, Ivory Coast, Kenya and Nigeria using a quarterly data spanning over the period from first quarter of 1976 to the second quarter of 1987, applying Johansen cointegration, they found that real income, interest rate, inflation, exchange rate were the main determinants of money demand and that the function is stable. In a similar study, Bahmani-Oskooee and Gelan (2009) used quarterly data for 21 African countries including Kenya and found that the money demand function for all the countries was stable. They drew a conclusion that income, inflation and exchange rates are the key drivers of money demand.
In a more recent study, Kiptui (2014) investigated the Kenyan money demand stability using quarterly data for the period from the first quarter of 2000 to the last quarter of 2013 and adopting an ARDL approach. The study found a stable money demand function and also identified income, interest rate, inflation and exchange rate as the influencing forces on money demand.
However, in a study by Sichei and Kamau (2012) employing quarterly data for first quarter 1997 to second quarter 2011 adopting VAR methodology, they concluded that real income, interest rate and exchange rate were the variables that matter in money demand relationships. They found that money demand in Kenya was not stable.
The literature above indicates a lack of consensus on the stability of money demand function in Kenya.
Nonetheless, instability in money demand might be as a result of misspecification of the model or omission of an important variable (Choi and Oh, 2003) . Instability could be from measurement error in the monetary aggregates as evidenced in the developed countries during the 1980s era of missing money (Hendrickson, 2014) . This study aimed at constructing Divisia monetary aggregates for Kenya and reexamining the Kenyan money demand model by adding two new volatility measures that were previously omitted in the money demand studies by earlier authors Suryanto et al., 2018; Ali and Haseeb, 2019) .
However, academic researchers have made efforts to study the effect of monetary and output uncertainty on the money demand function stability adopting different countries' data and using different methodologies. Some of these studies include: Brüggemann and Nautz (1997) study of Germany. Choi and Oh (2003) (2017) for Korea. A cursory look at these studies indicated an absence of any study on Kenya.
As an emerging developing nation, Kenya is faced with several economic and financial volatilities resulting from the implementation of various economic reform policies (Misati et al., 2010) . Additionally, the recent developments in the financial sector and the increased openness of the Kenyan economy might have affected the stability of the money demand function. This is because the money demand function could have been distorted by the series of financial changes that took place within the reform period. Therefore, an uncertainty emanating from money and output volatility should be accounted for in the study of money demand in Kenya. This distinguishes our study from other similar studies.
METHODOLOGY AND DATA
This section discusses the data type and sources for the study and also explains the econometric methodology used. The model specification and construction of the Divisia monetary aggregates are discussed under different sub sections.
Divisia Monetary Aggregates Construction
The Kenya central bank (CBK) breaks down their monetary aggregates into M0, M1, M2 and M3 based on the composition of each category. The narrow money M0 includes money in public hands outside the banking system; M1 is M0 plus demand deposits, while M2 is M1 plus savings and time deposits. The broad monetary aggregate comprised of M3 and the foreign currency deposits denominated in local currencies. We constructed Divisia monetary aggregates corresponding to each component mentioned above.
Following Barnett et al. (2013) and Dahalan et al. (2005) the Divisia money (DM) for narrow and broad aggregates were constructed using equations below; Barnett (1978) derived the user cost of money and expressed it as follows Equation 4;
Where t R represents benchmark rate, it r stand for an assets own return rate, and t P is the price index represented by consumer's price index. The benchmark rate is usually the maximum rate of return over a defined class of monetary assets (Barnett, 1978 
Model Specification
The money demand theories postulated that money demand is influenced by scale and opportunity cost variables. While the scale variables measure economic activities and are proxied by series like income, opportunity cost variables are measures of opportunity cost proxied by variables like interest rate, inflation. Later Mundell (1963) introduced exchange rate variables into the determinants of money demand function. Choi and Oh (2003) drew a theoretical linkage for monetary uncertainty and output uncertainty with the money demand. Based on the theoretical derivation by Choi and Oh (2003) we derived the following money demand model for Kenya. 
The initial step for conducting ARDL bound test was the estimation of our money demand Equation 7 with the use of ordinary least squares (OLS). To do that, we first selected the appropriate lag levels, determined the error terms serial independence, and ensured that the model is stable dynamically. We then examined the existence of cointegration amongst the variables in the model. This can be done by carrying out a bound F-test for a joint significance of coefficients of the lagged levels of the series in the model, i.e. Monetary and output uncertainty variables were produced from the money supply and GDP variables respectively by the Generalized Autoregressive Conditional Heteroskedasticity (GARCH) volatility based models.
Details of the procedure can be obtained in .
RESULTS AND DISCUSSIONS
For any time series analysis we first unveiled the unit root properties of the series to avoid spurious regression outcomes (Enders, 2008) . To test for the integration order of the variables in the model we employed the Augmented Dickey Fuller test (Dickey and Fuller, 1979) and P-P unit root test (Phillips and Perron, 1988) . Tables   1 and Table 2 in the appendix present the results of the respective tests. The null hypothesis for the presence of unit root in the series of interest rate and inflation was rejected at the 5% significance level for both the ADF and PP tests at levels with trend and trend and intercept. However, for the other series we failed to reject the null and have to take the variables to first difference. At first difference, Divisia money, income exchange rate, money uncertainty and output uncertainty became stationary. It then showed that our series were of mixed order of integration of I (0) and I(1) order. None of the variables exceeded the first difference order. This therefore justified the use of the Pesaran et al. (2001) bound test approach to estimate Equation 7.
Next we ran the bound test of cointegration based on the Pesaran et al. (2001) . Table 3 depicts the results of the bound tests. From the results, the F calculated value of 4.487 shows that it was higher than the upper value of the critical bound statistic at the 1% level of significance. We then rejected the null hypothesis of no cointegration and instead concluded that there was a cointegration between Divisia money, income, interest rate, and exchange rate, monetary and output uncertainties. Note: ***, **,and * imply significance at 1%, 5% and 10% levels respectively. The figures show the t-statistic value for testing the null hypothesis that the variables possess a unit root. The Scwarz Information Criterion (Schwert, 1987) is used in the lag length selection. The critical values for constant without trend are -3.479, -2.883 and -2.578 while that of constant with trend are -4.028, -3.443 and -3.146 for 1%, 5% and 10% respectively. The figures are based on MacKinnon (1991). Note: ***, ** and * imply statistical significance at 1%, 5%, and 10% respectively. The values are for the t-statistic used in testing the null hypothesis that the variable has a unit root. The bandwidths are determined based on the Newey-West using Bartlett Kernel.. The critical values for constant without trend are -3.479, -2.883 and -2.578 while that of constant with trend are -4.028, -3.443 and -3.146 for 1%, 5% and 10% respectively. The figures are based on MacKinnon (1991).
It further showed that Divisia money moves together with its determining factors; income, interest rate, inflation, exchange rate monetary uncertainty and output uncertainty. After establishing the presence of cointegration we then proceeded to look at the long run ARDL estimates. Note: ***, **, and * imply 1%, 5%, and 10% significance level respectively. I (0) is the lower bound region, and I (1) is the upper bound region based on Pesaran et al. (2001) and Narayan (2005) Table 4 show the long run estimates for the money demand model. A closer look at the results reveals that monetary uncertainty has a positive and significant long run relationship with Divisia money. This imply that volatility in money supply affects the long run money demand positively. It also suggest that a 1 percent change in money volatility will leads to a less than one percent change in the quantity of money people are willing to hold.
Output uncertainty has a significantly positive coefficient also, implying that in the long run, increase in output uncertainty will lead to an increase in the public desire to keep money. Our results is in line with the risk-adverse theory for an economic agent in which during the period of output uncertainty an individual change his risky security holdings for more money (Choi and Oh, 2003) .
The other control variables in the model bear their anticipated sign in the results and had highly significant coefficients. Of interest here is that the coefficient of income was positive and significant implying a transaction demand for money as postulated in the theory. The income elasticity was statistically unified suggesting that a percent growth in output requires an equal and exact amount of monetary stock. This further supports the monetarist's postulations that excess growth in money supply induces inflation. The results agreed with those reported by Ndirangu and Nyamongo (2014) . But it differed from the results of Sichei and Kamau (2012) who found that income elasticity was above unity. Nonetheless, Laidler (1982) contended that a reasonably quantified income elasticity should be in the range of 0.5 to 1.0. Studies like Ndung'u (1994) and Ndele (1991) also found an income elasticity that was above unity.
The coefficient of the interest rate was negative and significant and in line with the theoretical postulations.
This was because that at a higher interest rate, it meant more returns on alternative assets, therefore economic agents will hold less money and more of the alternative assets. Studies such as Ndung'u (1994); Sichei and Kamau (2012) and Kiptui (2014) all reported similar findings.
Inflation had a negatively significant relationship with the long run money demand based on the estimate. This suggested that increasing inflation encourages economic agents to diversify their portfolio holdings away from cash balances to other non-monetary assets. The exchange rate bears the a priori expected sign and was significant suggesting a wealth effect. Depreciation in the value of domestic currency increased the money demand remarkably. our series in the short-term money demand model. The size of the ECT-1 suggested that the short-term adjustment mechanism does offset roughly 42 percent of disequilibrium in Divisia money demand every quarter.
The diagnostic tests results presented in Table 6 showed that our model passes through all the tests. It confirmed that our residuals series were normally distributed no serial correlation, no specification error and the model was homoscedastic. To confirm the stability of the estimated model, the tests of CUSUM and CUSUMSQ were applied based on Brown et al. (1975) . Figures 1 shows the graphs for the CUSUM while Figure 2 presents CUSUMSQ tests results.
The two figures indicated that the plots of both statistics stay within the two lines region signifying that our estimates were stable. This also suggested that incorporating the two uncertainty measure series into the money demand model for Kenya produced a stable money demand. Omitting these variables from the model might result in misspecification error (Enders, 2008 ). 
CONCLUSIONS
The study constructed the Divisia monetary aggregates for Kenya and examined the impact of monetary and output uncertainties on the stability of money demand function in Kenya over the period from the first quarter of 2000 to the third quarter of 2015. A methodology of Pesaran et al. (2001) was employed in estimating the money demand model for Kenya. The results showed that monetary and output uncertainties have both short and long term significant impact on the money demand for Kenya and were omitted by the previous studies. The Divisia monetary aggregates served well in the stability of money demand in Kenya. Therefore, adopting the Divisia monetary aggregates and incorporating the monetary and output uncertainty variables will produce a stable money demand function. The CBK could focus more on the monetary aggregates targeting in their monetary policy formulation rather than the current interest rate targeting framework.
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